Abstract: Economic activities play a key role in human societies by providing goods and services through production, distribution, and exchange. At the same time, economic activities through common focus on short-term profitability may cause global crisis at all levels. The inclusion of three dimensions-environment, economy, and society-when measuring progress towards sustainable development has accordingly reached consensus. In this context, the Life cycle sustainability assessment (LCSA) framework has been developed for assessing the sustainability performance of products through Life cycle assessment (LCA), Life cycle costing (LCC), and Social life cycle assessment (SLCA). Yet, the focus of common economic assessments, by means of LCC, is still on financial costs. However, as economic activities may have a wide range of positive and negative consequences, it seems particularly important to extend the scope of economic assessments. Foremost, as the limitation to monetary values triggers inconsistent implementation practice. Further aspects like missing assessment targets, uncertainty, common goods, or even missing ownership remain unconsidered. Therefore, we propose economic life cycle assessment (EcLCA) for representing the economic pillar within the LCSA framework, following the requirements of ISO 14044, and introducing an economic impact pathway including midpoint and endpoint categories towards defined areas of protection (AoPs). We identify important target ratios by means of economic AoPs, which drive economic activities on the macro-and microeconomic level. Furthermore, we provide suggestions for midpoint and endpoint indicators representing the defined categories. With the presented EcLCA framework, a first step towards the inclusion of economic impacts within LCSA has been made. Relations between economic activities and resulting consequences are displayed, going beyond the cost-driven view of classical LCC. Further research and fine-tuning of the identified midpoint and endpoint categories and related indicators is, however, needed to enable a valid and consistent assessment basis for fostering the practical implementation of EcLCA and LCSA.
Introduction
Economic activities play a key role in human societies by providing goods and services through production, distribution and exchange. At the same time, economic activities have a decisive influence on the environmental system, as shown in the case of climate change [1] . A common focus on short-term profitability may cause global crisis at all levels within economic, environmental, and social systems [2] . Ehrenfeld [3] even states that "Economic development itself is undermining the very roots of sustainability", as it may lead to unsustainability in environmental but also human terms. The Brundtland Commission [4] and later the Rio Summit [5] underlined that the sustainable development concept must go beyond economic or environmental considerations. Correspondingly, sustainable development is understood as a policy principle and central notion, which is openly defined as "development that meets the needs of the present generation without compromising the ability of future generations to meet their own needs" [4] . Sustainability in this context embodies the objective to achieve stable societies through consideration of environmental, economic, and social aspects [5] .
Following on this, the inclusion of three dimensions-environment, economy, and society-have reached consensus, when measuring progress towards sustainable development [6] [7] [8] . In this context, the Life cycle sustainability assessment (LCSA) framework has been developed including all three sustainability dimensions through Life cycle assessment (LCA), Life cycle costing (LCC) and Social life cycle assessment (SLCA) [6, 9] . The framework generally aims to assess the sustainability performance of products, processes, and services along their life cycle. However, the three methods involved do not have the same level of maturity, as especially the social and economic assessments face challenges in scientific robustness and practicality [10] .
Addressing the economic pillar of LCSA, LCC embodies a method that is supposed to measure the economic sustainability on the corporate or product level. Nonetheless, until now it has been focused on financial costs expressed in monetary values [11] [12] [13] , even though the economic system goes beyond monetary values. So far little progress has been achieved to improve economic assessment practice within the LCSA framework [14] . It seems particularly important to redefine LCC within the LCSA framework, as economic activities may have a wide range of positive and negative consequences. Those consequences may affect the other dimensions of sustainability that cannot be represented by means of monetary values only [15, 16] . The required redefinition may, however, provide alternatives to conventional growth-oriented development targets [17] and shall include crucial aspects such as the stability of economic systems [18] [19] [20] .
Correspondingly, within this study we propose Economic life cycle assessment (EcLCA) going beyond financial cost assessment to better represent the economic pillar of LCSA. We consider classical LCC as the basis for further developments, by which economic activities within LCSA can be more thoroughly addressed. The therefore needed methodological harmonization will be further addressed in Section 2.2 after providing an introduction on LCC's general background in Section 2.1. The re-structuring process towards EcLCA will be subsequently presented in Section 3.
In conclusion, we discuss our findings and address remaining challenges of the new EcLCA approach.
The Economic Pillar of Life Cycle Sustainability Assessment
As indicated in the previous section, LCC may not yet sufficiently represent the economic pillar of LCSA. Therefore, we initially survey the current status of LCC in Section 2.1. Subsequently in Section 2.2, we identify needs and suitable directions to better address economic aspects in the LCSA context.
Life Cycle Costing
For LCC a heterogeneous terminology is featured in literature and it is inter alia referred to as Life cycle costing, Whole-life costing, or Total cost of ownership [21] . Within this study we stick to LCC as an umbrella term for cost-oriented economic life-cycle based assessment methods to avoid confusion. LCC was first used in the mid-1960s by the United States Department of Defense. Twenty years later it was taken up by the construction industry to assess building investments (also including energy and disposal costs and considering an environmental context). LCC was originally developed to rank different investment options, but did for a long time not consider operating costs occurring during the product's life time [14] .
A first international standard addressing LCC was published in 2008 with ISO15686-5 [22] , which defines LCC as "a technique which enables comparative cost assessments to be made over a specified period of time, taking into account all relevant economic factors both in term of initial costs and future operational costs" [22] . Through ISO, LCC allows for a comprehensive cost assessment throughout the life cycle, also including the operation and end-of-life phase. A similar structure has been followed within the so-called manual for LCC, the Environmental Life Cycle Costing book, published by Hunkeler et al. [11] . It includes producers, suppliers, consumers, and end of life (EoL) actors in the assessment, reflecting costs associated with a product's life cycle. Those cost categories have already earlier been proposed by Grießhammer et al. [23] , differentiating different actors and/or fields.
Hunkeler et al. [11] differentiate three types of LCC-conventional LCC, environmental LCC, and societal LCC. Conventional LCC sets the focus on ("real") internal costs, which are associated with a product's life cycle. Environmental LCC goes beyond that and also includes external costs, which are likely to be internalized in the decision-relevant future. In addition, within environmental LCC taxes and subsidies are considered and in parallel non-monetized LCA results can be included. Societal LCC goes even further by regarding all costs covered by anyone in the society, whether today or in the long-term, through the inclusion of preferably all external costs in a monetarized form [11] . Here, according to Hunkeler et al. [11] , cost-benefit-analysis (CBA) may help to define how a social cost perspective can be taken into account. In this context, the external cost discussion has also gained momentum for several reasons: the risk of double-counting, the unclear system boundary definition, and the unresolved internalization approach, which has already been mentioned by Rebitzer and Hunkeler [24] . To avoid double-counting with the other two dimensions, addressed by LCA and SLCA, within LCSA it is normally referred to environmental LCC, only including external costs that are likely to be internalized.
No impact level has yet been considered in current LCC assessment practice, even though Hunkeler et al. [11] named first impact categories-namely "economic prosperity" and "economic resilience"-also mentioning GDP/GNP changes and value-added (VA). Nonetheless, some studies tried to implement a broader economic perspective. To name just a few: May & Brennan [25] include VA as an economic indicator and relate it to wealth generation; Kruse et al. [26] and Thomassen et al. [27] consider VA as an (additive) economic indicator; Heijungs et al. [28] calculate the VA for all processes along a product's life cycle. Jeswani et al. [29] state that LCC allows for hotspot identification by considering VA. Wood and Hertwich [30] go even further and connect VA to GDP by using economic modeling (input output (I/O) analysis) approaches. They also extend the classical LCC framework by drawing a connection between costs on the microeconomic level and effects at the macroeconomic level.
Despite these first approaches to broaden LCC (also often in relation with LCSA), consensus has not yet been achieved on whether and how to re-structure LCC. A controversial point is whether LCC should remain limited to the cost level especially in the context of sustainability (and LCSA). Although Swarr et al. [13] stated that there is no need for characterization in LCC (as performed in LCA according to ISO 14044 [31] ), as costs would already comprise a unit of measure; further studies address the need for broadening the scope going beyond pure cost assessment. Earlier, Curran et al. [32] criticized classical LCC for ignoring causalities and Gluch & Baumann [14] mentioned that it oversimplifies the economic dimension. First, because such an oversimplification states that everything is expressible in monetary figures, and second, because decisive factors such as uncertainty, common goods, or even missing ownership (e.g., parts of the natural environment) remain unconsidered [14] .
Implementation challenges for LCC emerge due to inconsistent approaches and unreliable data in connection with conceptual confusions and missing consensus [14, 23, 30] . Such inconsistencies are partly fostered by the limitation to monetary values and missing target functions, which in life cycle based assessments are normally described as areas of protection (AoPs) [10, 14] . Especially within industry [15, 21, 30, 33] , LCC is still perceived as infrequently implemented due to methodological confusion and the variety of defined but very similar concepts, like "total cost accounting" or "full cost accounting" [14] . Limitations to short-term considerations additionally fuel the doubts [21, 34] . Strikingly, Heijungs et al. [28] raised the question: "What do we in fact want to learn from LCC?" Clearly, the goal of LCC cannot only be summing up of life cycle costs [14] , which may also lead to double-counting if not done with caution [28] , as normally different perspectives (e.g., producer or consumer) can be covered-compare Hunkeler et al. [11] . Heijungs et al. [28] conclude that especially in the context of sustainability the limitation to costs would be comparable to "( . . . ) narrowing the environmental analysis to waste." They add that further aspects, like VA, growth, trade balance, etc., may be of interest.
Thus, in its current form LCC may lead to misinterpretation as a relation to the production location is needed to put costs in correct context [23] . Therefore, Jørgensen et al. [35] and Rebitzer and Hunkeler [24] suggest to use LCC only in the context of LCSA and to focus on the monetary gains and losses for the poor. Reap et al. [36] find LCC helpful to identify trade-offs. In this regard, LCC may also allow for hotspot identification, which may be valuable for the decision-making process [29] .
Economic Aspects within the Life Cycle Sustainability Assessment Framework
Following on the findings in Section 2.1, the LCSA community faces the question of whether or not to include LCC in the LCSA framework. Klöpffer and Ciroth [12] , in their answer to an editorial letter, clearly pointed out that LCC, referred to as "classical" environmental LCC limited to financial costs, must be part of LCSA, as economic aspects have ever played and will always play a crucial role within sustainable development. We share that view to include economic aspects in the LSCA framework, but argue that a revisited form of LCC is needed to more adequately display the economic dimension of sustainability for complementing the social and environmental considerations of SLCA and LCA.
With regard to LCSA, additional methodological inconsistencies need to be addressed. The missing impact levels become crucial as all related methods of LCSA reportedly state to follow the structure of ISO 14044 [11, 13, 31, 37] . Even though impact assessment is not mandatory according to ISO 14044 [31] , except for studies, which are intended to be used in comparative assertions, it is generally envisaged.
Regarding the requirements of the impact assessment phase, ISO 14044 [31] is quite explicit. The impact assessment phase shall include impact categories, category indicators, and characterization models. Furthermore, the impact (characterization) models shall follow environmental (social or economic) mechanisms. These mechanisms relate the inventory results (e.g., costs) with impact categories (usually described as midpoint impact categories) and category endpoints (usually described as endpoint impact categories). The consideration of impacts seems reasonable as impact indicators, in contrast to inventory indicators, display the relative importance of emissions, circumstances, or consequences resulting from certain actions at a given stage of an impact pathway [38] .
For adapting the economic pillar of LCSA, economic mechanisms (often referred to as impact pathways, see Jolliet et al. [39] and Jørgensen et al. [40] ) shall be followed, as costs alone (as considered within classical LCC) do not represent a causal chain, as required in an impact assessment. Therefore, we propose linking products specifics to microeconomic categories and, in the following step of the impact pathway, to macroeconomic "damages".
Thus, enhancements shall in the first instance focus on: (i) identifying relevant economic topics for broadening the scope within LCSA's economic pillar (also considering the ones suggested in former studies, see Section 2.1); (ii) defining relevant economic target functions (by means of AoPs); (iii) defining relevant impact categories and interlinking them within an economic pathway. Interesting considerations in this context may be the contradiction between minimization of costs and maximization of value added, as it has been pointed out by Wood and Hertwich [30] , Boons et al. [2] , and Zamagni et al. [41] . Furthermore, Settanni et al. [21] propose to put the customer point of view more into focus by defining products as value deliverables. Wood and Hertwich [30] additionally differentiate between short-term economic cost and long-term economic sustainability by identifying aspects like investments, labor productivity, and geographical specifications as influencing factors for economic strength. The aspect of human resources may also play an important role in contradicting the pure profit view. Some authors [42, 43] state that growth, mostly measured in terms of GDP, cannot be the only goal or factor within economic assessments.
Introducing Economic Life Cycle Assessment
Following on the findings of the previous sections, we propose EcLCA for representing the economic pillar of LCSA. Therefore, we will consider aspects named by former studies, like VA or productivity, but also economic impacts defined earlier, like "economic prosperity" or "economic resilience." Considering I/O approaches like those presented by Wood and Hertwich [30] and Settanni et al. [21] , we include aspects on the microeconomic as well as macroeconomic level. We, however, follow a different approach, as e.g. Wood and Hertwich [30] assumed causal relations between technological improvements and value-added but at the same time neglected changes in supply and demand, which seems unrealistic unless a monopoly power exists. In addition, they limited their investigation mainly to value-added but did not include further aspects like long-term investments or customers' perspectives. Furthermore, no comprehensive study has been performed to prove that I/O analysis can indeed solve the economic challenges of LCSA. I/O analysis is more a top-down than a bottom-up method, considering effects on the macro level rather than considering product-related issues. Therefore, the general usefulness of I/O with regard to LCSA and EcLCA may be questioned. From a microeconomic life cycle perspective, it appears to be more logical to start from the process level. This study therefore conceptually proposes the implementation of impact pathways relating microeconomic activities to macroeconomic consequences and economic targets (by means of economic AoPs), but starting from a bottom-up perspective and broadening the field through the inclusion of further perspectives, e.g., customers.
Impact Pathway Definition
When describing economic activities, the classification into micro-and macroeconomic aspects is broadly supported within economic research [42, [44] [45] [46] . Generally, microeconomic actions (striving to improve market efficiency) to a certain extent determine the macroeconomic performance, which leads to an increased or decreased economic stability and wealth [46] [47] [48] [49] [50] . Consequently, one of the core questions is: How do microeconomic activities and macroeconomic effects influence each other and how can those effects be measured? Within this study, we try to answer this question on a conceptual level through the identification of relevant micro-and macroeconomic aspects and their interrelation. Therefore, we propose a consideration of microeconomic effects on the midpoint level and macroeconomic effects at the endpoint level of the new EcLCA approach.
Indeed, the influences of small components like product systems on the functionality of an economic system are hard to grasp [30] . Nevertheless, micro-and macroeconomic studies, which will be presented in the subsequent sections, determine crucial factors connecting the corporate or organizational level with economy-wide effects. On this basis, we develop an impact pathway to better represent the economic dimension within LCSA.
Impact pathways, coming from the understanding in LCA according to ISO 14044 [31] , normally connect single aspects with impact and damage levels resulting from those aspects [39] . Transferring this logic to the EcLCA framework, detached economic aspects like costs shall be connected to resulting impact and damage categories (see Figure 1) . The linkage between an economic midpoint impact and endpoint damage level can succeed by considering the micro-as well as the macroeconomic level. The defined midpoint categories therefore describe important aspects for microeconomic market efficiency. The endpoint (or damage) categories aim at the determination of impacts on the macroeconomic level, which are interlinked with the defined midpoint categories.
Additionally, two economic areas of protection have been defined, describing target values by which economic activities are assessed. With the presented pathway, we focus on the economic dimension representing midpoint and endpoint categories towards two new economic areas of protection. Firstly, we introduce the macroeconomic level with the AoPs and endpoint categories. Afterwards, we draw the connection to the microeconomic level by presenting the midpoint categories. We will then give concrete proposals for midpoint indicators representing the defined impact categories to enable a process-specific bottom-up assessment.
In a nutshell: Economic stability and Wealth generation seem to be essential targets for today's economic systems, as those are named as important by many studies [18, 19, 30, [51] [52] [53] . They seem therefore suitable to be defined as economic areas of protection (for detailed definitions, see Section 3.2).
Two crucial aspects affecting the two areas of protection seem to be: Economic prosperity and Economic resilience. The latter describes the shock resistance and long-term functionality of an economic system, which influences its stability [42, 45, 49] , whereas the former orientates more on the classical economic growth paradigm generating a macroeconomic value added, which affects wealth and prosperity [32, 43, 54] . Of course the list of possible and suitable endpoint categories is not necessarily limited to the two presented here. For instance, the growth paradigm itself has been questioned several times with the argument of finite resources and unsustainable consumption patterns [20, [55] [56] [57] . Therefore, additional endpoint categories and/or AoPs may become meaningful in future considerations. However, some aspects of the growth criticism can already be covered under Economic resilience. Furthermore, by considering EcLCA within the LCSA framework the assessments within the social and environmental dimension provide limitations to the growth orientation of Economic prosperity and Wealth generation. Therefore, we stick to two endpoint categories for now (for detailed definitions, see Section 3.3).
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Midpoint category Productivity
Human capital related labor-productivity
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Cost corrected willingness-to-pay
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Adapted enlarged GDP
Economic resilience
Adapted economic vulnerability index With the presented pathway, we focus on the economic dimension representing midpoint and endpoint categories towards two new economic areas of protection. Firstly, we introduce the macroeconomic level with the AoPs and endpoint categories. Afterwards, we draw the connection to the microeconomic level by presenting the midpoint categories. We will then give concrete proposals for midpoint indicators representing the defined impact categories to enable a process-specific bottom-up assessment.
These two endpoint categories may be determined by several midpoint categories describing microeconomic activities and targets. Within this study we have identified as relevant: Profitability, understood as microeconomic value added [21] ; Productivity, understood as output in connection with employee participation and human development [58] ; Consumer satisfaction, representing a product's utility from a consumer perspective [59] ; Business diversity, understood as region-specific corporate diversity [49] ; and Long-term investments, determining the long-run success and survival in the market [43] and including dependencies on different types of capital [60] . Microeconomic aspects like profitability, productivity, consumer satisfaction, and long-term investments have earlier been addressed within the Oxfam Poverty Footprint [61] . Thus, the defined midpoint categories seem not only relevant for developed economies, but also for the developing world (for detailed definitions, see Section 3.4).
Areas of Protection within EcLCA
Classically, an area of protection (AoP) describes something that needs to be protected or may function as a target for a certain area [62, 63] . AoPs within LCSA and/or its three related methods are therefore hardly independent or detached, e.g., the AoP Human health was originally allocated to LCA, but meanwhile is often seen as an AoP for SLCA. This confusion may be obvious, as the three sustainability dimensions are not detached but interlinked. Actions in one dimension are likely to have benefits or drawbacks in another. In particular, the economic dimension is embraced by the social and environmental one, as economy can be seen as a subset of society, which itself is located in the environmental system [15, 64] . An economic AoP can thus describe the economic dimension at its core but also its borders to the other two dimensions. A similar procedure has already been followed in LCA, where the three classical AoPs describe the environmental dimension itself (ecosystem quality), the borderline to the economic dimension (resources) and the overlaps with the social dimension (human health) [65] . Within this study, we limit the number of AoPs considered to two representing the economic dimension. We are, however, stress that additional AoPs may be possible.
We define Economic stability as the first AoP, which aims at a self-sustaining economic system over time (describing the core of the economic dimension). As a second AoP we include Wealth generation addressing the general target of economic activities: optimizing utility for society towards increased wealth (describing an AoP at the borderline to the social dimension).
Economic Stability
The European Commission [18] defines Economic stability as an overarching target that aims at avoiding economic (financial) crisis and promotes growth and employment. From this understanding, within Economic stability economic growth and prosperity are linked. Although economic growth still plays a key role, it is complemented by debt limitations and determining aspects of economic resilience, like shock resistance and long-term considerations. Debt limitations, according to Briguglio et al. [45] and Kollmorgen et al. [66] , may contribute to the stabilization of economic systems, as inflation and deflation resulting from political shocks may be avoided. In addition, aspects of economic resilience can help to broaden the growth orientation. Within the "Washington consensus" sustainable growth has been mentioned in the context of Economic stability [66] .
Going beyond this definition, Economic stability is also often connected to economic (industrial) diversity [47, 67] and investment ratios [44] . Consequently, Economic stability is both a national and a multilateral concern, as due to progressive globalization interconnections between countries increase and vulnerabilities easily spread across sectors and borders [19] . Multilateral concerns seem to play a crucial role in avoiding asymmetric shocks, as they determine the balance and/or compensation between economic but also social systems.
Summarizing, under Economic stability relevant aspects towards functioning economic systems are covered including (sustainable) growth, aspects of economic resilience, long-term considerations, etc. Thus, Economic stability functions well as an umbrella term for representing the economic dimension.
Wealth Generation
The main mechanism behind economic systems is to achieve and optimize utility for societies and their members [68] in order to generate wealth [53, 64] . However, with the conversion towards profit maximization economies created both benefits and drawbacks for society. This is linked to the fact that, unlike economic growth, which is theoretically infinite, the generation of utility (and thus satisfaction) has its limitations [69, 70] . This becomes evident if we consider the debate on happiness or subjective wellbeing measures as a proxy for utility. Income growth is accompanied by an increase in subjective wellbeing, but only until a certain point. From then on, income grows further while wellbeing stagnates [71] [72] [73] .
By linking wealth generation with utility it may, according to Jonkman et al. [59] , also connect to quality of life, which can be determined by income per capita and life expectancy. Some authors [51, 54, 60] criticize the common GDP-oriented view and include not just current but also future generations in the consideration by voting for equal capital distribution. Blok et al. [54] define important aspects of distributed wealth, such as supply security and industry competition. Vulnerability, flexibility, and innovation also play crucial roles in this consideration [45] . Anand and Sen [51] explicitly stress that wealth maximization is worthless without considerations of distribution (more explicitly, distributional equity). Spash [74] also calls for action "to address gender inequity, and inequity between, within and across social groups, time periods and spatial dimensions", in his discussion on self-conception and perception in the field of ecological economics. With his discussion on the interplay between human needs and human capabilities, Sen [75] goes even further, as he demands the inclusion of (human) freedoms into the sustainability discussion. Those freedoms may play an important role in the formation of values including consumption behaviors and thus may also influence wealth.
Thus, aspects normally assigned to the generation of wealth are not only relevant from an economic perspective, but also from a social one. Accordingly, Wealth generation as an AoP goes beyond a purely economic perspective and shall contain complementation and broadening of economic activities, but also linkage between the economic and social dimension. It considers not only the pure maximization of material prosperity (e.g., by considering income per capita), but also the distribution and distributional equity within the economic system (e.g., by industry competition and social equity). Life expectancy and consumer's value may additionally function as a proxy of a nation's or economy's wealth.
When using Wealth generation as an additional AoP for EcLCA within the LCSA framework, a distinction is needed between the related economic and social considerations, as e.g., gender equity or subjective wellbeing are normally part of SLCA. However, there is no contradiction in defining AoPs, which are relevant for more than one sustainability dimension. Similar accounts e.g., for Human health, which is likely to be influenced by social, environmental as well as economic impacts [26, [76] [77] [78] ]. Yet, focusing on EcLCA, we limit the assignment of impact categories to economic considerations. We do not say that the social links are irrelevant, but shall rather be considered within the social dimension of LCSA to ensure consistency and avoid double-counting.
Definition of Endpoint Categories in EcLCA
Endpoint categories within LCSA typically define damage levels (e.g., damage to Human health, or Ecosystems), which positively or negatively influence the defined AoP(s) [65] . Accordingly, endpoint impact indicators can be seen as measurement endpoints to determine the level of damage. Thus in economic terms, potential benefits and damages for the defined AoPs (Section 3.2) could be described as endpoint categories for EcLCA. Economic endpoint categories shall additionally provide some linkage to the macroeconomic level and display broader economic consequences arising from a product's life cycle (compare Section 3.1). The potential benefits or damages at the endpoint level may be influenced by microeconomic actions defined as midpoint impacts. Following the research results presented in Section 3.1 economic performance and prosperity as well as resilience seem to play a crucial role with regard to the two defined AoPs of Section 3.2. In this section, we therefore introduce two potential endpoint categories for EcLCA addressing the issues of Economic prosperity and Economic resilience.
Economic Prosperity
Economically, the prosperity of a country or region is normally determined by capital stocks, consisting of labor, (intangible) capital, and (natural) resources, which contribute to the progress of material prosperity [51, 60] . Economic activities are usually determined by those capital stocks, which create materials and information for human use [69] . Broader definitions also include innovation and a highly skilled workforce as well as genuine and net savings and equitable distribution [60, 79] . Although, the relation between prosperity and net savings is not apparent for high income countries, it is of importance for developing countries. Net savings or adjusted genuine savings furthermore provide indications for a change in welfare [68] .
Due to human use, those capital stocks and savings may not be left intact, causing damage to human welfare (or wealth) through degradation of natural and societal systems. As those economic activities typically orientate on the growth paradigm, declines in GDP could be reflected as damages to economic performance and prosperity.
Within classical LCC, Economic prosperity has already been mentioned as an economic impact by Hunkeler et al. [11] , Cinelli et al. [80] , and-indirectly-by Weidema [81] , who added the welfare term to economic assessments. Connections have been established for capital and resource productivity, material wellbeing, and GDP/GNP.
Following on this, we understand Economic prosperity as a key aspect of economic activities, expressing benefits and damages resulting from those activities. We therefore define Economic prosperity as a new economic endpoint category for EcLCA. The defined category is threefold and depends on growth, adjusted net savings, and equitable distribution. With its broadened view on material prosperity, it links with the AoP Wealth generation through achieved social prosperity levels resulting from equitable or inequitable distribution, but may also contribute positively or negatively to Economic stability through the inherent growth orientation.
As for indicator measures, GDP shows potential but has shortcomings as it presupposes constant consumption growth [15, 30] . Furthermore, current GDP measures do not consider equity and distribution [15] . Complementary indicators have been provided with the Genuine Progress indicator (GPI) [82] [83] [84] or the enlarged GDP introduced by the European Commission [85] , addressing the aspect of prosperity and thus complementing the growth-orientated view. The GPI and/or the enlarged GDP may therefore serve as first economic indicators at the endpoint level until tailored life cycle based indicators have been established. They do provide a first indication of economies' state at the macroeconomic level and may as well be attributable to the product level.
Economic Resilience
The ability to react to or even prevent drastic changes without major drawbacks for the overall economic stability is usually described by the term economic resilience [49] . Economic resilience has generally been described by three aspects: shock resistance or adaptability, long-term considerations or lock-in, and state of equilibrium [42, 49] . The level of international trade influences and in the worst case increases country's vulnerability but at the same time determines a country's success in international markets [45] . Thus, to achieve economic resilience a good balance of international trade needs to be found. Along with this balance, market flexibility and diversity embody two important factors of economic resilience [45, 49] .
Hunkeler et al. [11] already mentioned Economic resilience as an impact for classical LCC and named changes in the gross national product (GNP) as an influencing factor. However, they did not identify further influencing factors besides GNP, such as economic diversity or import dependencies. Wood and Hertwich [30] and Simmie and Martin [49] referred to long-term economic sustainability and mentioned important factors normally covered under the term economic resilience, such as human resources, knowledge, and natural capital.
We propose Economic resilience as a second endpoint category for EcLCA, following up on the suggestions from the studies mentioned. Economic resilience describes the benefits on the macroeconomic level for long-term development resulting from the avoidance of shocks, diversity, flexibility, and the avoidance of lock-in. Following the definitions above, changes within the category Economic resilience positively or negatively affect Economic stability but may also influence Wealth generation.
Briguglio et al. [45] propose an "economic resilience index" that accounts for the abovementioned influencing factors. They name as crucial market efficiency, good governance, and social development, which are determined through inflation and unemployment rates and debt-to-GDP ratios affecting (macro-)economic stability. Another "Resilience Index" has been developed by FM Global [86] , which may also serve as a first indication of region-specific or country-specific economic resilience. The "economic vulnerability index" (EVI), which was proposed by the United Nations [87] , additionally includes export instability and concentration to determine macroeconomic resilience. Those indices may serve as first indicators for the endpoint category of Economic resilience as long as no life cycle and product-based endpoint indicators have been developed. In particular, the EVI seems promising as the single components, like location or specialization, are well defined and may therefore be more easily translatable to the product level.
Definition of Midpoint Categories in EcLCA
Midpoint categories typically describe an intermediate state at a defined impact pathway between the inventory result (e.g., costs) and the damage level (normally defined as endpoint categories) [39] . Midpoint impact indicators can be seen as parameters in the environmental/social/economic mechanism network influencing the level of benefit or damage within the endpoint categories [76] . Translating this scheme to EcLCA, following the logic of the presented pathway (see Section 3.1), midpoint categories shall cover the transition from the micro-to the macroeconomic level. Therefore, economic midpoint categories shall reflect aspects of the microeconomic level that result from industry's and firm's activities and affect the (defined) damage categories (see Section 3.3) and its coherent market efficiency. Targeting extension of the classical LCC focus, the defined midpoint categories shall broaden the cost reduction oriented view. Therefore, besides Profitability, this study includes further impact categories such as: Productivity, Consumer satisfaction, Business diversity, and Long-term investment.
Profitability
Most firms and organizations still have a strong focus on profit margins, which is mainly substantiated by current market situations and growth-driven economic systems. Two terms are broadly used when assessing products and services: profitability and/or value-added. Those product values are usually described as a mix of value creation, revenue, costs, and benefits [2, 88] .
Considering classical LCC, the value term has already been taken up by several authors. Heijungs et al. [28] introduced the supply chain related value-added (VA). They therefore proposed a vector-based calculation in order to align LCA calculations with calculations in classical LCC. Hunkeler et al. [11] also mentioned VA in the context of classical LCC. Kruse et al. [26] defined VA as a socioeconomic indicator. Although VA has already been identified as relevant for classical LCC, none of the studies provided concrete suggestions on how to measure it, nor did they differentiate between inventory, impact, or damage levels.
With the introduced EcLCA, according to the presented impact pathway in Section 3.1, we now allocate VA to the midpoint level, as it describes an important part of firms' efforts to succeed in microeconomic markets. Addressing the profit focus, which doubtless is an important aspect of microeconomic activities, we define Profitability as a new midpoint category. It covers the VA concept for ensuring business success and delivery of product values.
When going beyond the theoretical definition of Profitability as a midpoint category, the definition of specific indicators contains further challenges. The perception of product values seems important to properly define an understanding of added value. Commonly, different value concepts are distinguished depending on the point of view and target group. Broadly, there is a differentiation between value-in-use and value-in-exchange. Value-in-exchange describes value from a neoclassical point of view and expresses the purchasing power measured through monetary values, e.g., prices. Value-in-use generally describes customer's utility during use and thus the relation between the consumer and the object consumed. Often, products with a high value-in-use, e.g., water, may have a low value-in-exchange. A similar dynamic applies for value-in-exchange, e.g., diamonds may have a high value-in-exchange, but a rather low value-in-use [89] . This simplification may, however, not generally hold true, e.g., houses may at the same time contain a high value-in-use (especially for homeless people) and -exchange (especially for investors). Thus, those two types of value are mutually dependent on each other, as there can hardly be value without exchange and there can be no value without utility [50, 90] .
Nonetheless, the differentiation between both value concepts enables a logical allocation of aspects to the identified midpoint categories and indicators. Following the definitions of Aspromourgos [89] , value-in-exchange is in line with the value-added concept and is therefore allocated to the defined midpoint category Profitability. Aspects relating to the value-in-use instead address aspects of customer and business relations, as well as services and reputation, and are therefore allocated to the later introduced midpoint category Customer satisfaction.
Subsuming, a midpoint indicator representing the category Profitability shall include the value-added (or value-in-exchange) concept, by including costs, benefits, and revenues. Thus, the VA indicator considers the difference between value sold and inputs purchased for products production, as described in Equation (1) (following the definitions of Azapagic & Perdan [91] and May & Brennan [25] ):
where L, C P N and VA(p) equals the VA of product p; S c,l represents total income; O c,l represents total operating costs; and M c,l represents total material costs needed by company c in life cycle stage l for producing product p. A product's VA is consequently dependent on income through purchase (S) minus operating (O) and material (M) costs. Labor costs are therefore included in the total sum of operational costs (and thus the VA calculation), as there can be no added value without labor, which generates income. Capital costs are excluded here, as they are accounted for within the impact category Long-term investments. The overall added value is the total sum of the subsystem's VA involved in the product's life cycle within the system boundary. Thus, the sum of all product-related VAs shall represent the VA of the respective organization.
The relation to the endpoint (damage) level can be drawn through the sum of all (gross) VAs within a defined economic system. Assumedly, these gross VAs of all sources shall equal the GDP of the respective economy [25, 91] . Thus, Profitability partly determines the defined category Economic prosperity at the endpoint level, affecting both defined AoPs. Whereas Profitability's influence on Wealth generation may overridingly positive, it may cause negative impacts for Economic stability if the focus on profits is too strong and limits in resources are neglected.
Productivity
"Productivity is commonly defined as a ratio of a volume measure of output to a volume measure of input use" [46] . While there is consensus on this general understanding of the term, the measurement and definition of productivity differ broadly depending on the type of application and point of view. Productivity measures can be used to track technological improvements, efficiency, or cost savings, but also for benchmarking or determining the level of living standards [46] .
Considering classical LCC, Thomassen et al. [27] already defined labor productivity as one economic indicator for the life cycle based assessment of dairy farms. However, no economic impact category has yet been defined addressing the aspects of productivity.
Productivity measures are normally based on economic theory and can be defined in a narrow sense when limited to output per working hours, but also in a very broad sense, when including intangible or even natural capital [50] . Both definitions influence the economic system. Whereas the linkage between total output and business success is relatively obvious, the economic consequences resulting from using or providing different types of capital is harder to grasp. Some studies [43, 53, 58, 68, 72, 92] , however, draw a relation between intangible and human capital and prosperity and the generation of wealth in the long term.
On this basis, we define Productivity as a new midpoint category, translating output and labor productivity into a midpoint impact, which positively or negatively affects Economic prosperity and Wealth generation. We therefore follow the suggestion of The World Bank [60] , by which productivity on the corporate level shall be determined by intangible capital (dominated by human capital), total factor productivity (linked to technological status and change as well as natural capital), and institutional quality.
Going beyond the conceptual level, indicators are needed to determine the impact. Therefore, beside the total factor productivity, which goes in line with the output-oriented definition of productivity, the different types of capital must be considered. We follow an earlier scheme provided by Hamilton et al. [68] , relating the different components of productivity with wealth generation (see Figure 2) . Of particular interest are the components of intangible and its sub-part human capital, which are hard to determine but significantly affect the level of productivity [46, 58, 72] . Considering classical LCC, Thomassen et al. [27] already defined labor productivity as one economic indicator for the life cycle based assessment of dairy farms. However, no economic impact category has yet been defined addressing the aspects of productivity.
Going beyond the conceptual level, indicators are needed to determine the impact. Therefore, beside the total factor productivity, which goes in line with the output-oriented definition of productivity, the different types of capital must be considered. We follow an earlier scheme provided by Hamilton et al. [68] , relating the different components of productivity with wealth generation (see Figure 2 ). Of particular interest are the components of intangible and its sub-part human capital, which are hard to determine but significantly affect the level of productivity [46, 58, 72] . Intangible capital is commonly understood as the share of production that is usually neglected within the estimates of produced and natural capital. Generally, this covers the knowledge and skills of the labor force [68] . According to broader interpretations, it may also cover information stored in humans, species, or ecosystems [69] . Furthermore, intangible capital may also cover aspects of social capital and governance [68] . Social capital and governance aspects, however, remain unconsidered within this study, as they may not be relevant to a product perspective. Productivity related components of wealth generation (adapted according to Hamilton et al. [68] ).
Intangible capital is commonly understood as the share of production that is usually neglected within the estimates of produced and natural capital. Generally, this covers the knowledge and skills of the labor force [68] . According to broader interpretations, it may also cover information stored in humans, species, or ecosystems [69] . Furthermore, intangible capital may also cover aspects of social capital and governance [68] . Social capital and governance aspects, however, remain unconsidered within this study, as they may not be relevant to a product perspective. Doubtless, one crucial component of intangible capital is human capital. Human capital (or employee relations) determines to a large extent the productivity within an organization. The productivity level rises and falls with employees' satisfaction, safety, skills, and knowledge [46, 58, 72] . Blundell et al. [58] point out that higher skills and knowledge within an organization's workforce positively influence the general speed, but also the flexibility and variety of production. Often education and training are listed as a way to improve employees' skills and knowledge levels. The absolute effect of education and training is, however, broadly challenged and ranges from high to no influence on productivity [58] . We therefore do not further address the aspects of training but rather focus on education (assuming that it provides a first measure for skills and knowledge) in the subsequent considerations. Therefore, we propose a midpoint indicator containing two parts. The first one addresses the usual productivity measures; the second one accounts for the human capital aspects of productivity.
Usual productivity measures relate the gross VA [27] or volumes [19] to the amount of labor needed to create a defined output. Adding to this, the Organization for Economic Co-operation and Development [46] introduces multifactor productivity measures, which are either based on the VA concept or on gross output. To avoid double-counting with the proposed VA-based midpoint indicator addressing the category Profitability, within this study we include gross output for describing Productivity at the midpoint level (see Equation (2)):
where L, C P N; P L (p) equals the total productivity of product p; GO c,l represents the gross output; and L c,l represents the labor (by means of labor costs) needed by company c in life cycle stage l for producing product p.
To include the human capital aspect into the determination, productive hours, suggested by Oxenburgh et al. [48] , can be used as a proxy for labor needed. Productive hours describe the total hours paid by the employer less hours not actively producing, which may include injuries, illness, training, vacation, and other. Equation (2) would accordingly be transformed to:
where WL c,l represents the work loss (hours not actively producing) within company c and life cycle stage l. Yet, Equation (3) does not indicate any effects resulting from workers' skills, satisfaction, or knowledge. Considering e.g., studies from Jamal and Saif [93] or Baxter and Matear [94] , the inherent complexity of human capital contributes to this dilemma. Therefore, enabling a first coverage of human capital aspects within the productivity indicator, we include an education measure, assuming that it serves as a first indication for overall knowledge and skills within the workforce. We, however, stress that the equation presented below may only serve as a first suggestion and that further improvements are needed to cover a broader range of human capital aspects.
Wößmann [95] suggests a simplification by focusing on a human capital related rate of return (HCRR) expressed within an exponential relation changing with an efficiency function. It expresses the rate of return depending on years of schooling. Note that, different approaches focused on labor income based measures, like the one presented by Mulligan and Sala-i-Martin [96] . This however seems meaningless from an organizational perspective, as by this means no rate of return on human capital is expressed. Therefore, we follow the suggestions of Wößmann [95] , expressed in the following Equation:
HCRR " e f pLUq .
Therefore, f (LU) in its simplest form is defined according to the following equation:
f pLUq " r eˆas ,
where f (LU) reflects the efficiency within a unit of labor (LU) with s years of schooling, r e is the rate of return to education, and a s is the years of schooling. First measures of rates of return, both social and private, are provided by Psacharopoulos [97] and Montenegro and Patrinos [98] . However, we suggest that organizations determine their own rate of return depending on their human capital to more accurately reflect the organization's performance. Although Wößmann [95] rather considers the macro-level than the micro-level of economic consequences, the related function could be translated into a corporate or even product context, reflecting its inherent human capital potential. Consequently, the final Productivity indicator function would describe as:
where HCRR c,l describes the human capital related rate of return of company c in life cycle stage l.
In its defined combination the suggested midpoint indicator likely influences Economic prosperity at the endpoint level through the labor productivity part, but may also affect Economic resilience through the human capital aspects included. How the aggregation from the midpoint towards the endpoint level is performed goes beyond the scope of this study and will be part of further research. The presented studies of Hamilton et al. [68] , OECD [46] and S , tefȃnescu-Mihȃilȃ [43] may therefore serve as starting points.
Consumer Satisfaction
Customers and consumers embody the target groups of most business activities [99] . Customer relations and customer satisfaction consequently seem important for a business's success and should not be neglected within economic assessments [50, 93] . Customers' value and utility seem crucial for ensuring that products give prolonged satisfaction [100] . Customer utility is generally described through product's use and thus the relation between the consumer and the object consumed [89] . The core question according to Ehrenfeld [3] is: Does a product create authentic satisfaction or does it just deliver momentary relief? We assume that just the former creates benefits for long-term business success. In this context, authentic satisfaction can be understood as value-in-use (introduced in Section 3.4.1).
In classical LCC studies, the customer is only regarded through the price he/she has to pay for receiving the desired product or service [11, 12] . Grießhammer et al. [23] goes beyond this interpretation of a customer's involvement by also addressing utility. Bovea and Vidal [101] in this context named the customer's willingness-to-pay (WTP) for increasing products' value.
From a product's perspective the WTP seems reasonable, as it displays the consumer's satisfaction with the product and/or product option and thus indirectly provides information on long-term business success. It also, according to Jonkman et al. [59] and Hacking and Guthrie [7] , enables valuation of goods and services or even externalities, which are not ordinarily monetized within the market. Thus, WTP may express a customer's perception of value received [102] , which is in line with the proposal of Settanni et al. [21] to set the focus on the customer's point of view.
We therefore define the new midpoint category Consumer satisfaction to cover aspects of utility and of value-in-use as well as customer relations within EcLCA. Regarding the endpoint level, Consumer satisfaction may influence the defined endpoint Economic prosperity, as it ensures an organization's market success as well as indicates the customer's factual utility, contributing to prosperity and thus wealth.
The abovementioned approach of Bovea and Vidal [101] for including the WTP in the assessment seems promising when going beyond the conceptual level towards indicator development, in particular as value-in-use is by definition hard to grasp. Some interpret value-in-use as future attributable cash flows [103] . Often, value-in-use is also understood as value-based selling, considering product design, services and support, and reputation [79, 104] . The customer would then react to those offers from the selling organization with emotion, cognition, and certain behaviors, which could result in a transaction of goods and services [100] . In both ways of understanding the value-in-use, the customer's willingness-to-pay (WTP) can be a suitable measure.
We therefore define a first midpoint indicator representing the category Consumer satisfaction by including a customer's WTP. We follow the approach of Bovea and Vidal [101] and extend the WTP by the internal costs of the same product option to calculate its customer's value. It is understood as a maximizing function and has been described in the following equation:
where CV equals the customer's value, WTP i the Willingness-to-pay of product option i, and IC i the internal or production cost (IC) of the same product option. Through the combination of the WTP and the IC the product's and/or firm's performance can be tracked and the definition of value is broadened. Both may be relevant for economies value-added at the macroeconomic level and may therefore affect the defined endpoint Economic prosperity and the AoPs Economic stability and Wealth generation. However, the detailed determination of the endpoint effects is beyond the scope of this study but shall be part of further research.
Business Diversity
Diversity has been determined as a crucial factor to ensure functioning economies [47, 67] . Diversity is important for two reasons: economic resilience and economic prosperity. More complex or diverse products can mostly be found within high-income countries, whereas the least complex products can be found in low-income countries [105, 106] . Note that, the two terms diversity and complexity describe the same cause according to Felipe and Hidalgo [52] , Felipe et al. [105] ; and Hausmann et al. [106] Simplistically said: the more diverse the product portfolio within a certain economy, the higher the prosperity level. At the same time, diversity seems to be important to prevent and recover from external shocks on both the economy and the firm level [47] . For instance, an organization dependent on an industry that is likely to experience shocks is at risk of being hit by such a shock [42] .
Within classical LCC, diversity has earlier been mentioned in the context of economic resilience [11] . However, neither an impact category nor an indicator has yet been defined to address diversity on the corporate level. Nevertheless, economic studies seem to confirm the relationship between diversity and economic resilience. Thus, we link diversity to the defined endpoint category of Economic resilience (see Section 3.3.2). Furthermore, diversity may also influence Economic prosperity, as addressed by Malizia and Ke [47] , Briguglio et al. [45] , and Hausmann et al. [106] . Therefore, we define Business diversity as a new midpoint category for EcLCA. Business diversity addresses the microeconomic level, mainly following the research of Hill et al. [42] and Felipe et al. [105] . It thus accounts for the diversification rate of organization's partners [42] and/or the complexity of organization's products [105] . Clearly, the complexity of products within an organization is linked to the knowledge and skills stored and mobilized within an organization [106] . To avoid double-counting between this midpoint category and the earlier defined category productivity, within business diversity we only address knowledge in relation to the intricate structure of organization's products. Within productivity we link knowledge and skills to human capital related aspects, e.g., for indicating how knowledge influences the workforce and performance (see Section 3.4.2).
A firm's diversification may be especially relevant for highly specialized industries and sectors, like mining or agriculture. Those industries are highly dependent on natural resources, weather conditions, and market demand. All those aspects together may be more likely to result in business or external shocks, due to changing demands, weather disasters, and unsustainable resource management [47, 52] .
Measuring Business diversity strictly at the product or corporate level seems challenging. Even though Hausmann et al. [106] earlier suggested a product complexity index (PCI), which covers a variety of products and also considers their intricate structure. It does, however, not give an indication of if and when a firm's diversity is sufficient, as it rather displays a country's situation. A closer relation to the corporate and product level has been provided by Bowen and Wiersema [107] . They define a firm's optimal level of diversification by balancing the resulting economic gains against the bureaucratic transaction costs and resource-based views. They furthermore identify different variables influencing a firm's diversity, like resource-based dependencies, firm size, and export and import intensities. They, however, fail to address product's complexity (as suggested by Hausmann et al. [106] ). Thus, the combination of both approaches seems promising to comprehensively cover Business diversity at the midpoint level. However, a more thorough investigation, which goes beyond the scope of this study, is needed to develop a meaningful EcLCA indicator.
Long-Term Investment
Economic development can only be sustainable if constant capital stocks or at least constant capital services are ensured over a longer time period [60, 68] . This seems particularly important for organizations involved in natural resource business. Those resources must be carefully managed to avoid the "resource curse", which would hinder long-term development and thus prosperity (see Section 3.3.1) [60, 68] . Long-term investments seem to determine the success and survival of an organization in the market and ensure corporate self-reliance [43, 60, 82] . Furthermore, it seems relevant in connection with agricultural products, as soil fertility determines a business's success in the long term [108] . According to the Global Reporting Initiative [88] , The World Bank [68] , and others [79, 83] , such long-term investments shall include general investments, reproducible capital, longevity, and technical developments. They furthermore identify investment grants, subsidies leading to capital accumulation, and genuine savings as crucial in the long term. Some [92] even count human capital investments as crucial for growth and wealth in the long term; however, to avoid double-counting within this study, we refer to human capital only in the context of Productivity. However, risky political or economic conditions often hinder the consideration of long-term investments [109] .
Within classical LCC, the aspect of long-term economic development and thus long-term investment has mostly been neglected. Naturally, investment costs have been considered by targeting cost savings throughout a product's life cycle. However, aspects like the abovementioned have not yet been included, nor were impact levels defined.
We therefore propose to cover Long-term investments within a midpoint category, as it seems to be important for microeconomic market efficiency in the long run. This midpoint also affects Economic resilience at the endpoint level, as it determines economies' stability by covering the aspect of capital accumulation. This may have positive effects on import and export diversification important for resilient economies [42, 45, 52] . In addition, Long-term investments influence Economic prosperity as genuine savings may positively contribute to a firm's success and thus to economies' value-added [79, 83] .
Quantitative measures for the defined midpoint category are hard to define; however, Zadek and Tuppen [79] proposed a qualitative indicator addressing long-term investments. They described a classification and categorization of different investment decisions, like capital investment (e.g., plants), knowledge investment (e.g., Research and Development), or acquisition. Defining a practical indicator on long-term investments is not trivial, as its link to the product level is challenging plus it requires retrospective and assumed prospective time series along an organization's existence [68] . Therefore, we stick for now to the qualitative level. We, however, stress that the development of quantitative indicators is of utmost importance, especially as long-term considerations have far-reaching effects within and beyond economies [79] .
Discussion
With the definitions of first endpoint and midpoint categories as well as economic AoPs for EcLCA, new considerations and aspects are provided for the representation of the economic pillar within the LCSA framework. Relevant relations between the midpoint and endpoint level have been displayed through the defined impact pathway. This study therefore serves as a first step towards a more comprehensive structure for LCSA's economic pillar, displaying relevant aspects of economic activities. Furthermore, the new structure better copes with the requirements of ISO 14044 [31] followed within the LCSA framework.
Targeting the implementation of this first conceptual framework, trials on general applicability will be part of future research. The practical implementation of the midpoint categories and indicators defined may be less challenging, as management accounting systems normally contain the data needed. Aggregation towards the endpoint (damage) level needs, however, further consideration. For the determination of concrete measures at the endpoint level, future research shall therefore include broader economic assessment approaches, like ecological economics, as those may provide helpful insights.
We defined the midpoint indicators more precisely, as the application of midpoint indicators can generally be seen as easier than the implementation of endpoint indicators [36, 88, 110, 111] . We are nevertheless aware that some of the proposed indicators may contain some inconsistencies. For instance, WTP measures (see Section 3.4.3) may contain shortcomings, due to the assumption that everyone has perfect knowledge. Thus, prices assumed through WTP would be very different if those inconsistencies were eliminated [69] . Nonetheless, Sen [75] mentions the formation of values including consumption behaviors in connection with human freedoms. In this context, WTP may also be seen as a counterpart to VA reflecting human capabilities. In connection to the value term used within the VA definition, further investigation is needed for clearly delineating Profitability and Productivity. The core question here is if and to what extent labor costs can be regarded in both midpoint categories without causing double-counting.
Emphasizing the conceptual nature of the presented EcLCA approach, we understand all categories and indicators proposed as starting points that may need further investigation and adaption. The representative nature of the chosen indicators as well as their implementation potential will therefore be considered in future research. Similar accounts for establishing a measurable linkage between midpoint and endpoint indicators, as within this study a rather qualitative relation was targeted. Through this limitation to qualitative relations, the discussion on the inclusion of external costs remains partly unresolved, even though some external costs (e.g., addressing damage to society's wealth) can indeed be covered by the already defined endpoint categories or may be covered by the social impact categories defined within SLCA.
Addressing the conceptual framework, the differentiation between the micro-(midpoint) and macroeconomic (endpoint) level may not in any case be straightforward. Some of the defined categories could generally reflect both levels, e.g., Business diversity. Business diversity can describe a company's as well as a region's level of diversity. However, as the resulting level of diversity heavily affects the two defined endpoints of Economic prosperity and stability (see Section 3.4.4), we define Business diversity as a midpoint category reflecting the corporate level.
Coming from classical LCC, different perspectives have generally been regarded within the assessment method (typically producer, consumer, and society). With the definition of the new EcLCA framework, the different groups are now reflected within the defined impact categories. Those midpoint and endpoint categories shall account for all relevant aspects along a product's life cycle. We, however, stress that the presented impact categories are neither exclusive nor necessarily comprehensive and thus additional impact categories may be expedient, e.g., to better cover socioeconomic aspects, which are covered neither in SLCA nor in the new EcLCA.
Still pending is the discussion on intra-and inter-generational equity. This topic can, however, not solely be addressed by one of the three LCSA methods, but is rather an overlapping concern. The new EcLCA with its inclusion of the economic AoP Wealth generation as well as the endpoint category Economic prosperity may, however, provide a first step for considering important economic aspects of intra-and intergenerational equity like diversity and distribution. For complementing the broader picture, the ecological economics approach or Sen's capability approach may provide helpful insights for further developments, as both consider equity as an important concern. They further provide assistance for developing tools towards strong sustainability concepts, considering economy as a subset of the environment. Arising trade-offs between the three dimensions may hereby become more easily identifiable and solvable.
Conclusions
With this study, we present a new EcLCA approach to better reflect the reality of economic systems. We initially focused on achieving a conceptual framework addressing possible and considerable interlinkages between the micro-and the macroeconomic level. Relations between economic activities and resulting consequences have been displayed going beyond the cost-driven view of classical LCC. We hypothesize that the presented interlinkages along the impact pathway are necessary to understand the economic system and to enable a quantitative determination of economic impacts within EcLCA. We furthermore hypothesize that the implementation and consideration of economic impact pathways will contribute to a wider application of LCSA, as the aim of the new EcLCA approach seems more plausible compared to classical LCC. Further research and fine-tuning of the identified midpoint and endpoint categories and related indicators is, however, needed to enable a valid and consistent assessment basis fostering practical implementation of EcLCA and also LCSA. 
